Abstract Poly(hydroxamic acid)-poly(amidoxime) chelating ligands were synthesized from poly(methyl acrylate-co-acrylonitrile) grafted acacia cellulose for removing toxic metal ions from industrial wastewaters. These ligands showed higher adsorption capacity to copper (2.80 mmol•g -1 ) at pH 6. In addition, sorption capacities to other metal ions such as iron, zinc, chromium, and nickel were also found high at pH 6. The metal ions sorption rate (t 1/2 ) was very fast. The rate of adsorption of copper, iron, zinc, chromium, nickel, cobalt, cadmium and lead were 4, 5, 7, 5, 5, 8, 9 and 11 min, respectively. Therefore, these ligands have an advantage to the metal ions removal using the column technique. We have successfully investigated the known concentration of metal ions using various parameters, which is essential for designing a fixed bed column with ligands. The wastewater from electroplating plants used in this study, having chromium, zinc, nickel, copper and iron, etc. For chromium wastewater, ICP analysis showed that the Cr removal was 99.8% and other metal ions such as Cu, Ni, Fe, Zn, Cd, Pb, Co and Mn removal were 94.7%, 99.2%, 99.9%, 99.9%, 99.5%, 99.9%, 95.6% and 97.6%, respectively. In case of cyanide wastewater, the metal removal, especially Ni and Zn removal were 96.5 and 95.2% at higher initial concentration. For acid/alkali wastewater, metal ions removing for Cd, Cr and Fe were 99.2%, 99.5% and 99.9%, respectively. Overall, these ligands are useful for metal removal by column method from industrial wastewater especially plating wastewater.
Introduction
Cellulose is the most abundant and renewable polymer world-wide [1] and it is synthesized in a relatively pure form by photosynthesis [2] . The cellulose can be modifying chemically to attain sufficient structural strength and effective adsorption capacity for toxic metal ions [1] . The chelating ligands can be introduced on the cellulose backbone for adsorbing toxic metal ions from various sources. Fundamentally, one primary and two secondary hydroxyl groups contain in the cellulose chain [1] . Thus, several methods can be applied for the cellulose modification such as esterification, etherification, halogenation and oxidation for effective adsorbents [1] . An alternative route has been used to modify the cellulose backbone either inserting the metal binding capability or cellulose can be transformed into the grafted copolymer and then chelating ligands incorporate into the grafted copolymers [3] . The graft copolymerization can be carried out using free radical or ionic initiation method for suitable side chain grafts are covalently linked to a main chain of the cellulose backbone [3] .
A variety of initiation process has been used for grafting on the cellulose backbone such as chemical initiation, high energy radiation and photochemical process [1] . The free radical produced by chemical initiation process is the best choice among other radical generation methods. Thus, chemical initiation using ceric ion (Ce 4+ ) generates free radicals on the cellulose backbone resulting in the higher grafting efficiency [3] . Due to biodegradable nature, biopolymers like cellulose and its derivative has a crucial limitation for long lasting application in adsorption processes and generally cellulose-based ligands needed to recycling for cost efficient use. However, cellulose from acacia wood showed good chemical stability and mechanical strength, therefore, this acacia cellulose can be functionalized as grafted copolymers and subsequent modification into known chelating ligands.
Toxic metal ions do not involve decay process into nontoxic form so it is necessary to remove from industrial wastewaters before release into the environment [4] . A large environmental, public health and economic impact are evident due to the toxic metal ions entering into the environment. According to the environmental regulations on permissible discharge levels of various metal ions, new technologies and waste treatment procedures are necessary to meet the current regulatory limit. The aqueous waste is usually contaminated by toxic metal ions in the numerous industries including metal plating, mining operations, alloy industries, tanneries, chloro-alkali, radiators manufacturing, smelting storage batteries [5] . Some prevention techniques of environmental pollution have been employed for toxic metal ions removing by using the methods known as precipitation, adsorption, ion exchange and reverse osmosis. The precipitation is the most appropriate and economical method to remove metal ions from wastewater [6] . By adding lime to increase the pH to trigger the precipitation for chemical coagulation and the electro-coagulation also can be employed for the removal of toxic metal from solutions [7] [8] [9] [10] . Recently, crosslinked chitosan derivatives were used to prepare for a grafted N-(2-carboxybenzyl) groups and evaluated for the removal of both positively charged ions such as Cu(II) and Ni(II) and negatively charged ions like Cr(VI) and As(V) [11] . Despite the fact that chemical coagulation is be shown to the successful treatment for industrial effluents, however it generated secondary pollution caused by added chemical substances. This intractable sludge produced from toxic metal precipitation which essentially needs to expensive disposed mechanism. This drawback prompted us to find an alternative material for effective treatment of wastewater for the industrial effluents. In this report, the polymeric chelating ligands known as poly(hydroxamic acid)-poly(amidoxime) were synthesized from poly(methyl acrylate-co-acrylonitrile) grafted acacia cellulose. It was found that acacia cellulose easily grafted with acrylic polymers perhaps acacia is the soft wood which is favorable for grafting reactions. The degree of grafting is 553% reported in the previous study [12] . A variety of cellulose was used for preparation of adsorbents for metal ions extraction. However, adsorbents based on acacia cellulose have not been used for removal of metal ions from electroplating wastewater. Therefore, this article composed of acacia cellulose-based polymeric chelating ligands, which enabled to easy removal of some toxic metal ions from the electroplating wastewater. Thus, new design for a fixed bed column with polymer chelating ligands utilized to obtain various important parameters during adsorption operation. The wastewater from electroplating plants having low concentration of transition metal ions, which could be successfully removed by the polymeric ligands based on the acacia cellulose.
Experiment

Materials and methods
The metal sulfate/nitrate of analytical reagents grade which is commercially available was used in the present investigation. The wastewaters such as chromium plating wastewater (Cr-wastewater), cyanide process wastewater (CN-wastewater) and acid/alkali process wastewater (H/ OH-wastewater) were collected from the BI-PMB Waste Management Sdn. Bhd, Shah Alam, Kuala Lumpur (Malaysia). The pH of the collected wastewaters was adjusted by adding diluted hydrochloric acid/sodium hydroxide solution. The pH of wastewaters is set to 4, because swelling (20%) of ligands is adjusted. Metal ions determination for wastewaters (Table 1) and experiments were performed by ICP, OES (Perkin Elmer Optima 5300 DV, USA).
Synthesis of adsorbents
Synthesis of poly(methyl acrylate-co-acrylonitrile) grafted acacia cellulose (PMA-PAN grafted acacia cellulose): Grafting reaction was conducted with both monomers as methyl acrylate and acrylonitrile onto acacia cellulose using free radical method initiated by ceric ammonium nitrate according to the procedure described elsewhere [12] .
Synthesis of poly(hydroxamic acid)-poly(amidoxime) ligands: PMA-PAN grafted acacia cellulose was transformed into polymeric ligands in the presence of alkaline solution of hydroxylamine with the reaction period 4 h at 70°C. Purification and work-up procedure is followed according to the earlier literature [12] .
Batch-mode adsorption at various pH
The polymer ligands (200 mg) were placed into a series of 100 mL polyethylene bottle and 20 mL distilled water was ) solution were added to each bottle. The mixtures were shaken for 6 h and 5 mL supernatant solution was collected for the metal ion determination by ICP, OES (Perkin Elmer Optima 5300 DV, USA). All experiments were carried out with duplicate for the measurement of appropriate absorption capacity. The amount of metal ions uptake by the ligands was calculated according to the following equation I [4] :
where q e is the equilibrium sorption amount (mmol•g
), V is the volume of metal solution, L is the mass of polymeric ligands (g) and M is the mol weight of metal.
Kinetics of adsorption by batch-mode
The exchange rate of metal ions was performed in the acetate buffer with pH 6 using 200 mg of polymeric ligands beads in 10 mL metal ions (0.1 mmol•L -1 ) solution for various time intervals such as 2, 5, 10, 20, 30 and 60 min, and the metal concentrations were estimated by ICP. The residual metal concentration was determined with replicated experiment and the sorption amount was calculated according to equation II [4] .
where q t is the sorption amount at time t (mmol•g
) is metal concentration at time t, V is the volume of metal solution, L is the mass of polymeric ligands (g) and M is the mol weight of specific metal.
Column-mode adsorption and elution
For the column operation, about 10 g of PHA-PA ligands were mixed with buffer at pH 4 and placed in the glass columns (200 mm long Â 10 mm i.d.). To prevent air entrapment, the column was first filled with buffer (pH 4) solution. Next, the slurry of ligands was introduced carefully into the columns, which slowly settled down by displacing the heel of the buffer solution. Synthetic metal ion solution (10 mg•L -1 ) and specific wastewater (Table 1) were then allowed to percolate through the column at a flow rate of 5.0 mL•min -1
. The eluent was collected at the column outlet until the column reached saturation, followed by analysis using ICP-OES. The replicated experiments were conducted to ensure appropriate amount of metal ions removed from wastewaters. After the adsorption operation, the column was washed with diluted , analyzed by ICP-OES. The breakthrough curves were determined from the synthetic metal ions and waste water using these experiments.
2.6 Theoretical approach
Breakthrough capacity in column operation
The solute approaches to the proximity with the adsorbent layers during the solute passes through the column bed. The first portion of influent is absorbed by the adsorbent in the upper layers of the column and the solution moving toward a lower level of the column. The solute adsorbs in a like-wise narrow zone, which is known as the primary adsorption zone (PAZ), until equilibrium is attained [13] .
The common nature in column operation, the top portion of the column turns into saturated therefore solution and influent concentration are equal (C o ), whereas, in the lower part of column, the concentration is zero, if no influent reaches to the bottom part. The solute assimilation is varying at different layers of the intermediate (interaction) zone, or the distance (D) from the top of the column bed at a given time [13] .
The PAZ moving toward a lower part in the course of time at the end of the column bed, the solute is spotted in the effluent, while the breakthrough point is reached. The exhaustion point is attained when all column layers are saturated. The area under the curve up to the exhaustion point is assigned as the overall column capacity, while the curve up to breakthrough point is the breakthrough capacity [13] .
Therefore, the overall column capacity is higher than the breakthrough capacity [13] . The plot of effluent concentration (C) versus effluent volume (V) is known as breakthrough curve (BTC). For a general adsorption process, the breakthrough curves displayed a characteristic S-type shape with different degree of steepness and breakpoint location in water and wastewater treatment [14] . Breakthrough capacity of the column was determined by introducing the solution of metal ions (at pH of 4.0) in water of concentrations 10 mg•L -1 of each metal ion and plotting C against V.
Fixed bed adsorbent
A breakthrough is represented by the plot of solute concentration in the effluent (C) with total mass quantity of solute-free water (V), which is passed unit cross-sectional area of the adsorbent [14] . The breakthrough point is selected at lower value of C 1 as effluent concentration and C 2 closely approaching to C o (adsorbate initial concentration) and at this point the adsorbent is exhausted. There are two primary parameters may be obtained as follows:
i. The total mass of effluent, m 1 passed per unit cross section to the breakpoint,
ii. The character of breakthrough curve between the m 1 (effluent volume equate to C 1 i.e., breakthrough point) and m 2 (effluent volume equate to C 2 i.e., exhaustion point).
The primary adsorption zone (PAZ) is the portion of the curve between C 1 and C 2 equivalent to a constant depth (δ). The total time t x is considered for the primary adsorption zone in the column length which can be calculated as [14] .
where, F is corresponding to the mass flow rate. The time t δ is movement of PAZ to the lower part in the column which is expressed by Eq. (2),
The t f is corresponding to the initial formation of the PAZ using Eq. (3),
The fractional capacity, f, of polymer ligands is expressed at breakpoint which is maintained to remove solute from solution is given by Eq. (4),
The percent saturation is calculated by Eq. (5).
3 Results and discussion
Chelating mechanism of hydroxamic acid and amidoxime ligands
Hydroxamic acid is used in a wide variety of ways as reagents in organic and inorganic analysis. Hydroxamic acid contains the bidentate groups, which meets all the requirements necessary for the formation of metal complexes. Complexes are usually formed via the substitution of a hydrogen atom of hydroxylamine by a metal cation and ring closure via the carbonyl oxygen atom [15] . The hydroxamate anion is serving as a bidentate ligand which forms a complex with metal ion bound by both the oxygen by chelation [16] . The formation of metal chelates via this mechanism for a long time constituted the basis of a wide variety of analytical methods. Because of the non-ionic nature of such metal complexes (or inner complexes), they can be extracted in all cases from aqueous solutions or suspensions with the aid of solvents immiscible with water, such as benzene, chloroform, carbon tetrachloride, higher alcohols, or dichlorobenzene; separation processes involving solvent removal are based on this feature [17] . In this study, we have used polymeric backbone attached to the carbon atom of ligands. Therefore, complex formation of metal ions with and polymeric ligands are insoluble in aqueous media. Most of hydroxamic acids form the complexes with transition metal ions have shown various color according to the metal salt color. Amidoxime exists predominantly in the hydroxyimino-form which is stabilized by intra-molecular hydrogen bond [18, 19] . Amidoxime may coordinate as a non-ionic group, but they generally undergo the metal-assisted hydroxyl proton dissociation upon coordination. The latter type of coordination is expected for metal ions at pH 6 [20] . However, amidoxime coordination system is analogous with hydroxamic acid system as well [16] .
Poly(hydroxamic acid)-poly(amidoxime) chelating ligands
The new poly(hydroxamic acid)-poly(amidoxime) chelating ligands were synthesized from poly(methyl acrylateco-acrylonitrile) grafted acacia cellulose using hydroxylamine in alkaline medium. The polymeric chelating ligands are confirmed by FT-IR analysis (see Fig. S1 in Supplementary material) and example of a structure is shown in Fig. 1 (cellulose structure indicated as Cell and H stands for hydroxamic acid and A stands for amidoxime).
The SEM micrograph of the acacia cellulose showed smooth stick like morphologies (Fig. 2(a) ). The SEM micrograph of the poly(methyl acrylate-co-acrylonitrile) grafted acacia cellulose showed that the grafting occurred [12] on the surface of wooden stick like cellulosic structure having rough surface surrounding the stick due to grafting onto acacia cellulose (Fig. 2(b) ). The poly(hydroxamic acid)-poly(amidoxime) chelating ligand showed somewhat smooth morphologies compared to the grafted acacia cellulose (Fig. 2(c) ).
Effect of pH on metal ions adsorption
The effect of pH on the metal ions adsorption study was accomplished by batch technique using the toxic metal ions uptake by the ligands (PHA-PA) at pH 2 to 6 (sodium acetate buffer solution used for various pH). The metal ions uptake with the ligands increased with the increase of the pH up to 6. This ligands exhibited higher attraction to copper, 2.80 mmol•g -1 of Cu adsorption at pH 6. In this case most of transition metal ions would commence to precipitate beyond pH 5.5, therefore, adsorption experiments were performed ranging from pH 2 to 6. In addition, sorption capacities to other metal ions such as iron, zinc, chromium, and nickel were also high and pH dependent (Fig. 3) . The uptake capacities with these ligands are in the following order:
From the results of adsorption capacities, we can infer that the proposed cellulose-based polymeric chelating ligands can be used for metal ions removal from wastewaters.
Kinetic of adsorption
The rate of sorption of metal was performed at pH 6 (buffer solution used). The time required for 50% exchange (t 1/2 ) was estimated from the plot of metal ions sorption capacity (mmol•g -1 ) vs. time (Fig. 4) . The metal ions uptake rate was very fast i.e. t 1/2 for copper, iron, zinc, chromium, nickel, cobalt, cadmium and lead were 4, 5, 7, 5, 5, 8, 9 and 11 min, respectively. Due to the faster rate of adsorption with toxic metal ions, these ligands have advantage for metal ions removal could be most favorable using the column technique.
Evaluation of breakthrough curve
The breakthrough curves expressed as the adsorbate concentration made as synthetic metal ions in the effluent, C and the amount of pure water, V passes through the column for copper, iron, chromium, nickel, zinc, cobalt, cadmium, manganese and lead is shown in Fig. 5 . The breakthrough curve is appeared as S-type shape and the value of the breakthrough capacity is given in Table 2 . The parameters of m 1 , m 2 , C 1 and C 2 are calculated from the Fig. 5 and the values of t x , t f , t δ , f and percentage saturation at the breakpoint are calculated from the parameters ( Table  2 ). The parameters reported in Table 2 showed that the total time (t x ) required for the primary zone to move down to the column of the bed is maximum for Zn and Cd, however other metals achieved very similar length with Zn and Cd. The adsorption isotherm using batch equilibrium test cannot predict the dynamic performance directly [13, 14] . For breakthrough curves, the fixed influent concentration (C o ) of the solutes is 10 mg•L -1 for each metal ion was used and flow rate (F) is 0.05 mg•cm -2 •min -1 was determined. The breakthrough curves were observed for S curve with different steepness and breakthrough volumes for different solutes.
The breakthrough volume (V 1 ) and the exhaustion volume (V 2 ) for each solute were determined from the respective breakthrough curves (13 (Fig. 5) .
The mass unit values m 1 and m 2 determined from the breakthrough volume (V 1 ) and the exhaustion volume (V 2 ), which is used for the calculation of secondary parameters like t x , t f , t δ , f and percentage saturation ( Table 2 ). The total time (t x ) used for the primary zone to move down the length of the column and out of bed as 151.6, 147.5, 143.9, 141.4, 135.6, 130.5, 120.0, 114.4 and 110.8 min for Cu, Fe, Cr, Ni, Zn, Co, Cd, Mn and Pb, respectively. The time needed for the movement of the zone down to the length in the column (t δ ) was between 131.6 and 98.4 min. The time required for the primary adsorption zone (t f ) was between 7.02 and 2.62 min. The fractional capacity (f) in the adsorption zone at break point to remove solute from solution was 0.946, 0.943, 0.953, 0.956, 0.958, 0.962, 0.966, 0.971 and 0.973 for Cu, Fe, Cr, Ni, Zn, Co, Cd, Mn and Pb, respectively. The primary adsorption zone length was found between 13.6 and 13.4 cm. The percentage saturation at break point was in the range of 94%-97% which is the highest value in the case of lead.
Removal of metal ions by column-mode
The wastewaters obtained from metal plating industries and wastewater indicated as chromium wastewater, cyanide wastewater and acid/alkali process wastewater (Table 1) . These polymeric ligands were treated with buffer pH 4 before prepared for the column bed [4] . Then single wastewater was decanted into the column at pH 4.
Chromium wastewater
The metal ions concentrations were measured in waste- water from a chromium plating process [4] . Several metal ions such as Cr, Ni, Fe, Zn and Pb exhibit higher concentrations than permissible discharge levels as shown in (Fig. 6 ). It can be seen that Cr, Fe, Ni, Zn and Pb removal was nearly 100% from chromium wastewater. However, overall the toxic metal ions removals are excellent using these ligands. The breakthrough capacity, exhaustion point and overall column capacity including % removal of metals from chromium wastewater are presented in Table S1 of Supplementary material.
Cyanide wastewater
The wastewater from the cyanide plating process was used for metal ions removal at pH 4. The metal removal, especially Ni and Zn removal were 96.5% and 95.2% at the concentration of Ni and Zn are found to be 35.56 and 75.86 mg•L -1 , respectively (Table S2 of Supplementary material). Although initial concentration of Ni and Zn were higher compared to other metal ions (Table S2 of Supplementary material), but still better removal of Ni and Zn were found using this ligands. Other metal ions Cd, Co, Cr, Fe, Cu, Pb and Mn removal were 99.9%, 99.9%, 99.2%, 96.5%, 97.1%, 92.8% and 98.5%, respectively. For cyanide wastewater, Co, Cr and Cd removal were more than 99%, however, overall toxic metal ions removal were good for cyanide wastewater (Fig. 6) . The breakthrough capacity, exhaustion point and overall column capacity including % removal of metals from cyanide wastewater are presented in Table S2 of Supplementary material.
Acid/alkali wastewater
Metal concentration in the acid/alkali wastewater was lower than the other two types of wastewater (Table 1) . Similarly, we adjusted the pH 4 for metal removals. The removal of metal ions like Cd, Cr and Fe were 99.2%, 99.5% and 99.9%, respectively (Table S3 of Supplementary material). The removal of other heavy metal ions, such as Co, Ni, Cu, Pb, Zn and Mn were 97.0%, 98.1%, 96.0%, 96.0%, 98.0% and 96.1%, respectively (Fig. 6) . Overall, these ligands are useful for metal removal by columnmode. The breakthrough capacity, exhaustion point and overall column capacity including % removal of metals from acid/alkali wastewater are presented in Table S3 of Supplementary material. Thus, in this report, highly insolubility of complex-forming ligands and their metallic Synthetic metal ions concentration, complexes in wastewater (Table 1) , and their ability to form complexes with a large number of metal cations, can be exploited for developing new and more sensitive extraction methods which can assist in the removal of some toxic metal ions from the electroplating wastewater (Fig.  6 ). Martín-Lara et al. [21] have proposed a process for the remediation of electroplating wastewater using olive stone as adsorbent material packed in fixed-bed columns. The study was performed with effluents containing Cr(VI), Cu (II) and Ni(II) of an electroplating plant. Two fixed-bed columns were utilized for removal both Cr(VI) and Cr(III), in the first fixed-bed column, Cr(VI) was removed and in the second column, the Cr(III) was removed. In the second column, the outlet concentration of heavy metals was 2.04, 1.48 and 0.93 mg•L -1 for total Cr, Cu and Ni, respectively. Xu et al. [22] have presented a co-precipitation strategy to treat CN -containing heavy-metal wastewaters (Ni, Zn, Cr and Fe) and pickle acid liquor (Fe) via formation of layered double hydroxide (LDH). They found that Zn, Cr and Fe were removed efficiently, whereas Ni was reduced from 100 -400 to 3.0 mg•L ). Indeed, the common ligand CN -has been widely used in the electroplating and mining industries, however, a vast amount of CN -containing heavy-metal wastewaters, which is hazardous for both environment and human health. Juang et al. [23] have demonstrated the Na-form of strong-acid Purolite NRW-100 resin to recover Ni from a simulated electroplating waste solution containing NiSO 4 , NH 4 Cl, NaH 2 PO 4 and citrate. A set of mass balance equations that take into account possible aqueous complexation reactions was used to establish the pH diagram of Ni(II) species in the presence of anionic ligand citrate or phosphate for the recovery and removal of metals from process and waste streams in chemical process industries.
Comparison of chelating ligands
The poly(hydroxamic acid)-poly(amidoxime) chelating ligands were introduced to the metal ions adsorption study. This ligands exhibited high affinity to cupper (2.80 mmol•g ) to wide range of pH and other metal ions such as iron, chromium, zinc and nickel uptake about 2.61, 2.50, 2.05 and 2.52 mmol•g -1 were observed at pH 6. This report composed of polymeric chelating ligands which showed excellent adsorption capacity. It is not suitable to compare with other cellulose-based adsorbent due to most of the adsorbents are direct modifications without grafting and different functional groups are attached to the cellulose [1] [2] [3] . It is clearly indicated that the significant adsorption capabilities are achieved with this modified cellulose materials. The significant variations in adsorption levels for each cationic species are observed depending on the type of cellulose, its improvement and the character of the chelating ligands for metal bindings [1] .
Liu et al. [24] have synthesized a spheroidal cellulose adsorbent through a grafting reaction using acrylonitrile and converted into the carboxyl groups on its surface. This modified cellulose adsorbent having carboxyl groups was used for the removal of Cu ion from aqueous solutions using a bidentate complexation. A lone pair of electrons on the nitrogen of amino group and this lone pair of electrons can be formed as covalent bond with a metal. For example, an amidoxime groups have a bidentate ligand which loses a proton and a basic lone pair of electrons on the nitrogen to coordinate with the metal ion. O'Connell et al. [25] have synthesized imidazole by a binding agent on a glycidyl methacrylate grafted cellulose adsorbent and imidazole having a five-membered ring containing two nitrogen atoms. The mercaptobenzothiazole adsorbent is prepared from cellulose for the adsorption of Hg 2+ with a high adsorption capacity of 204.08 mg.g -1 using column method [26] .
Awual et al. [27] have synthesized a mesoporous adsorbent by direct immobilization of (3-(3-(methoxycarbonyl)benzylidene)hydrazinyl)benzoic acid onto mesoporous silica monoliths and its potential application of Cu(II) ions sensing and removal from wastewater. The effective pH range for Cu(II) capturing was neutral region and the maximum sorption capacity of the adsorbent was as high as 145.98 mg•g -1
. Another mesoporous adsorbent was reported by the same group [28] for Cu(II) and Pd(II) ions detection and removal from aqueous media. This adsorbent was derived from 6-((2-(2-hydroxy-1-naphthoyl)hydrazono)methyl)benzoic acid (HMBA) embedded onto mesoporous silica monoliths. The adsorbent showed very high adsorption capacity (182.39 and 172.53 mg•g -1 for Cu(II) and Pd(II), respectively) with extreme selectivity in ionic competition.
Awual et al. [29] have developed a ligand-based conjugate adsorbent for simultaneous Pb(II) detection and removal from water samples. The organic ligand of 4-dodecyl-6-((4-(hexyloxy)phenyl)diazenyl)benzene-1,3-diol (DPDB) was synthesized and DPDB was immobilized onto mesoporous silica by a direct immobilization approach. The maximum sorption capacity was high as 195.31 mg•g -1 . A ligand immobilized mesoporous adsorbent was also reported [30-] for ultra-trace Pb(II) monitoring and removal from wastewater. The adsorbent was synthesized by indirect immobilization of 4-tert-octyl-4-((phenyl)diazenyl)phenol onto inorganic mesoporous silica. The maximum sorption capacity and detection limit of lead were 200.80 mg•g -1 and 0.12 g•L -1 , respectively.
Awual et al. [31] also reported a composite adsorbent which is indirect immobilization of 6-((2-(2-hydroxy-1-naphthoyl)hydrazono)methyl)benzoic acid (HMBA) onto mesoporous silica monoliths. The sorption was neutral pH region and the maximum sorption capacity of the adsorbent to cobalt was as high as 189.37 mg•g -1 . Another ligand immobilization and tunable conjugate adsorbent was investigated for detection and removal of Co(II) and Cu(II) ions. The sorption capacity was 205.33 and 199.20 mg•g -1 for Co(II) and Cu(II), respectively [32] . The biopolymer-based cellulose along with different modifiers/ chelating agents have been utilized to study the adsorption of several metal ions such as copper, palladium, lead, nickel, etc.. A comparison of the adsorption capacities [24] [25] [26] [27] [28] [29] [30] shows that kenaf-based amidoxime ligand has competitive adsorption efficiency for several metal ions as shown in Table 3 .
Conclusions
Polymer chelating ligands were synthesized from acrylic polymer grafted acacia cellulose for removing toxic metal ions from industrial wastewaters. The FT-IR and SEM analysis confirm that the polymeric ligands were synthesized from the acacia cellulose-based acrylic polymers. The adsorption capacity by the ligands were found to be excellent and the exchange rate was very fast (t 1/2 & 5 min). Three types of wastewaters containing toxic metal ions were used to the column operation for metal ions removing from the wastewater. It was observed that the metal ions recovery was highly effective and about 99.9% of metal ions could be removed from the effluents. The high-affinity chelating polymeric ligands are used in the presence of other chemicals would be highly desirable to waste treatment. The metal removal by PHA-PA chelating ligands system is promising for fulfilling that goal. It has high metal removal efficiency. Its removal efficiency suggests that it may be possible to recover heavy metal ions efficiently from wastewater using a fixed bed column method. 
